In this study, we investigated the binding ability of Saccharomayces cerevisiae to aflatoxin in pistachio nuts. The obtained results indicate that S. cerevisiae has an aflatoxin surface binding ability of 40% and 70% (with initial aflatoxin concentrations of 10 and 20 ppb) in the exponential phase. Acid treatments increase this ability to approximately 60% and 73% for the two concentrations of aflatoxin, respectively.
INTRODUCTION
. Aflatoxins are heatstable and are hard to transform into non-toxic products (12) .
Intake of aflatoxin is directly associated with human liver cancer, and has also been confirmed to induce a high incidence of mutation in the p53 tumor repressor gene and K-ras and Hras proto-oncogenes (6) .
Pre-harvest impediment of aflatoxin (AF) formation is difficult; therefore, aflatoxins in foods and feeds are considered a continuous risk. Nowadays, aflatoxin as a recognized potent carcinogen has become a health hazard for worldwide pistachio consumers (10) . The pistachio nut is the second largest nonpetroleum export product, and has a significant role in the development of the national economy and the agro-food industry of Iran (16) . Pistachio nuts are a rich source of fat and contain fatty acids, such as oleic, linoleic, and linolenic acid,
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Aflatoxin decontamination in pistachio nuts which are essential for the human diet (2) . Presently, the worldwide limits for aflatoxin B1 (AFB1) and total aflatoxin detected, whereas aflatoxins G 1 and G 2 were detected in only a few pistachios (17) . This might be due to the invasion of nuts by A. flavus rather than A. parasiticus.
Pistachios without shells were highly contaminated with aflatoxin. The reasons for this might be pre-harvest contamination in the field followed by cross-contamination after de-shelling, poor storage and handling resulting in positive conditions for mould growth and toxin production (1).
Several methods for decontamination and post-harvest control have been reported. Other decontamination approaches include food and feed processing, such as thermal inactivation, irradiation, solvent extraction, mechanical separation, density segregation, and reduction in bioavailable aflatoxin by selective chemisorptions. Although such treatments almost completely reduce mycotoxin concentrations, these chemicals also reduce nutrient concentrations (4, 9, 15) . Evidently, the best decontaminant should be detoxification by biodegradation, which might remove mycotoxins under mild conditions. Among the different decontaminating microorganisms available, we selected Saccharomyces cerevisiae, a unique yeast, widely used in food fermentation and preservation (7, 19) , as a potentially effective microorganism for the removal of aflatoxin in pistachios. Cell immobilization in food science is an attractive and rapidly-expanding research area because of its technical and economical advantages compared to a free cell system; however, for applications in the food industry, immobilization supports should satisfy additional fundamentals, such as food grade purity, cost effectiveness, availability, and positive contribution to the sensory characteristics of the original product (13) .
The objective of the present study is to evaluate the biological decontamination of aflatoxin using immobilized S.
cerevisiae. 
MATERIALS AND METHOD

Chemicals and yeast
Saccharomyces cerevisiae (ATCC 9763) was obtained from a
Persian-type culture collection in Iran.
Sample preparation
Akbari is the major pistachio cultivar grown in Iran; therefore, this cultivar was selected in this study. A freshlyharvested pistachio variety was purchased from Kerman, Iran.
Pistachios were then subjected to de-hulling, trash and blank separation, unpeeled and unripe pistachio separation, washing, and sorting (to separate nuts from non-split ones). In order to prior to use (2, 8) .
Cell immobilization
Alginate solutions in a concentration range of 0.5-10% can be used for cell immobilization. Sodium alginate solution (3%) was prepared by dissolving sodium alginate in 100 mL boiling water and autoclaved at 121 °C for 15 min. Cells were harvested in every manner of treatment, re-suspended in 2 mL of saline, and added to sterilize alginate solution. In order to immobilize the cells in alginate, pistachios were dipped in a 0.2
M CaCl solution (13).
Extraction and clean-up procedures for HPLC analysis
Samples were analyzed using a high performance liquid chromatography (HPLC) method (the AOAC official method 999.7). A ground pistachio sample (50 g) was blended with 2.5 g NaCl and a 200 mL solution of 80% methanol in water for 5 min. Then the mixture was filtered through Whatman filter paper. After filtration, the extract was diluted with water and filtered through a glass microfiber filter. Aflatest IACs were used to clean-up the samples. A 15 mL phosphate buffer saline (PBS) was first passed during the IAC. Then, 70 mL of the filtrate was passed through the IAC at a flow rate of ca.1 drop/s. The column was washed with 15 mL water and dried by application of vacuum. Finally, AF was eluted with methanol using the subsequent procedure. First, 0.5 mL of methanol was applied to the column and allowed to pass through by gravity.
After 1 min, the second part of the 1 mL methanol was applied and collected. The eluate was diluted with water and analyzed by HPLC (2, 8) .
Determination of aflatoxins by the HPLC method
Aflatoxins were isocratically separated using HPLC 
Microscopic examinations
Scanning electron microscopy (SEM) was used to study the morphology of the immobilized S. cerevisiae cells in alginate. The alginate was fixed on the pistachio samples.
Finally, the samples were dried, coated with gold, and observed with a Philips XL 30 (Netherlands) microscope.
Color evaluation
Pistachio sample color L, a, and b values were measured by the Hunter Lab (Konica Minolta, Japan). Pistachio color was measured before and after coating with sodium alginate.
Determination of peroxide value
The peroxide value of the pistachio samples was measured before and after coating with sodium alginate to determine the peroxide value in fat content. Peroxide value (PV) was determined by the AOCS (1993) methods (3).
Texture study
Pistachio texture changes were measured by compressing samples with a Testometric (M350-10CT, Rochdale, England).
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The Maximum force (N) required to compress the sample was recorded as the firmness of the pistachio sample. Pre-test speed, test speed, and post-test speed were all set at 10 mm/min. Triplicates of each treatment were evaluated.
Statistical analysis
All of the analyses were done in triplicate sets belonging 
Peroxide value
The peroxide value represents the quality of pistachios, including fat content and freshness; however, peroxide values in Figure 5 did not show any significant changes after immobilization of yeast on pistachio samples during the experiment.
Texture
In this research, the immobilization of S. cerevisiae did not affect coated pistachios and did not cause any changes in texture. Figure 6 represents a punch experiment of pistachio samples before and after coating. Statistical analysis shows an analogous result for the pistachio samples. Hardness of the pistachio samples was 22.5% and 21.5% before and after the alginate coating, respectively. Minute differences between them may be due to variance in moisture after the alginate coating. 
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CONCLUSION
Results indicated that:
1) AFB 1 binding to yeast was a rapid process.
2) The amount of AFB 1 removed was related to toxin concentration.
3) Similar results were obtained with viable and nonviable (heat-treated and acid treated) yeast, confirming that the viability of the yeast was not a significant factor.
Results also showed that yeast immobilization on aflatoxincontaminated pistachios for toxin reduction had no effect on the qualitative characteristics of the nut, such as color, texture, and peroxide value. Furthermore, it was shown that the studied yeast strains were more efficient than the yeast strains in 
